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Abstract-We assessed the effects of microencapsulation on the toxicity of 
chlorpyrifos, cypermethrin, and lambda-cyhalothrin to larvae of the Oriental fruit 
moth, Grapholita molesta (Busck), in the laboratory and the field. We also 
compared the toxicity of microencapsulated and traditional formulations to 
pyrethroid-susceptible and pyrethroid-resistant populations of the predaceous mite 
Typhlodromus pyri Scheuten in the laboratory. In laboratory bioassays with neonate 
larvae of G. molesta, the microencapsulated formulations of chlorpyrifos and 
cypermethrin were less toxic than the wettable-powder and emulsifiable-concentrate 
formulations. The emulsifiable-concentrate and microencapsulated formulations of 
larnbda-cyhalothrin were equally toxic. In the field, all trees in insecticide-treated 
plots contained less damage by first generation G. molesta larvae than unsprayed 
controls. In the second generation, the microencapsulated formulations of 
cypermethrin and chlorpyrifos were generally less effective than the emulsifiable- 
concentrate formulation of cypermethrin. The microencapsulated formulation of 
lambda-cyhalothrin was as effective as the emulsifiable-concentrate formulation. 
The microencapsulated formulation of cypermethrin was less toxic than the 
emulsifiable-concentrate formulation to both pyrethroid-susceptible and pyrethroid- 
resistant populations of T pyri. Both populations were highly resistant to 
chlorpyrifos and unaffected by either formulation. The microencapsulated formula- 
tion of lambda-cyhalothrin affected the two populations of Z pyri differently; the 
microencapsulated formulation was approximately fivefold more toxic than the 
emulsifiable-concentrate formulation to the pyrethroid-susceptible population, but 
sixfold less toxic than the emulsifiable-concentrate formulation to the pyrethroid- 
resistant population. Much of the selectivity reported for the microencapsulated for- 
mulations of cypermethrin and chlorpyrifos appeared related to a general reduction 
in toxicity to both target insects and beneficial mites. The microencapsulated 
lambda-cyhalothrin was as toxic as the emulsifiable-concentrate formulation to the 
target insect but was less toxic than the emulsifiable concentrate to pyrethroid- 
resistant predator mites. This limited increased selectivity may be useful where 
resistant populations of predators occur. 
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R6sum6-Nous avons 6valuC les effets de la microencapsulation sur la toxicite des 
insecticides chlorpyrifos, cypermethrine et lambda-cyhalothrine chez les larves de la 
Tordeuse orientale du pecher, Grapholita molesta (Busck), en laboratoire et en na- 
ture. Nous avons CgalLment cornpar6 la toxicit6 des prkparations microencapsulCes 
et traditionnelles sur des populations sensibles aux pyrCthroi'des et des populations 
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rksistantes de l'acarien prCdateur Typhlodromus pyri Scheuten en laboratoire. En la- 
boratoire, lors des expCriences sur des larves nConates de G. modesta, les prCparations 
microencapsulCes de chlorpyrifos et de cypermkthrine se sont avCrCes moins toxi- 
ques que la poudre hydrosoluble et la prCparation concentrCe Cmulsifiable. La prC- 
paration microencapsulCe de lambda-cyhalothrine Ctait aussi efficace que la 
prkparation concentrCe Cmulsifiable. Sur le terrain, tous les arbres des parcelles trai- 
tCes h l'insecticide ont subi moins de dommages causCs par les larves de premibre 
gCnCration de G. molesta que les tCmoins non trait&. Pour la seconde gCnCration, 
les prkparations microencapsulCes de cypermCthrine et de chlorpyrifos Ctaient gCnC- 
ralement moins efficaces que la prCparation concentrCe Cmulsifiable de cypermCt- 
hrine. La prkparation microencapsulCe de lambda-cyhalothrine Ctait tout aussi 
efficace que la prCparation concentrke Cmulsifiable. La prCparation microencapsulCe 
de cypermkthrine Ctait moins toxique que la prCparation concentrCe Cmulsifiable 
aussi bien chez les populations de T. pyri sensibles que chez les populations rCsis- 
tantes aux pyrCthroi'des. Les deux populations Ctaient trbs rksistantes au chlorpyrifos 
et elles n'ont CtC affectCes par ni l'une ni l'autre des prkparations. La prCparation 
microencapsulCe de lambda-cyhalothrine affectait diffkremment les deux popula- 
tions de T. pyri. La prkparation encapspulCe s'est avCrCe approximativement cinq 
fois plus toxique que la prkparation concentrke Cmulsifiable chez la population sen- 
sible aux pyrCthroi'des, mais six fois moins toxique que la prCparation concentrCe 
pour la population rksistante. Une grande partie de la sClectivitC observCe dans le 
cas des prkparations microencapsulCes de cypermkthrine et de chlorpyrifos semble 
reliCe B une reduction gCnCrale de la toxicit6 pour le deux groupes d'insectes ciblCs 
aussi bien que pour les acariens bCnCfiques. La prCparation microencapsulCe de 
lambda-cyhalothrine Ctait aussi toxique que la prCparation concentrCe emulsifiable 
pour l'insecte cible, mais 1'Ctait moins que la prkparation concentrke Cmulsifiable 
pour les acariens prCdateurs rCsistants aux pyrCthroi'des. Cette sClectivitC accrue de 
f a ~ o n  limitCe peut &tre utile 18 ou il y a des populations de prkdateurs rCsistants. 

[Traduit par la RCdaction] 

Introduction 

Pesticides preferred for use in integrated pest management systems are those that 
are toxic to the target pest but show low toxicity to beneficial insects and mites. Some 
compounds are inherently toxic to certain pests or groups of insects or mites (Croft 
1990; Hodgson and Kuhr 1990), but other compounds show toxic effects to a wide 
range of species. The use of these broad-spectrum pesticides has been discouraged in 
most integrated pest management systems (Pree et al. 1983; Solymar 1999). 

There have been several attempts at coating or encapsulating broad-spectrum pes- 
ticides to improve their selectivity and suitability for integrated pest management sys- 
tems (Hull and Beers 1985; Scher et al. 1998). We have shown that microencapsulation 
reduced the impact of the pyrethroid cypermethrin on both susceptible and resistant (to 
pyrethroids) populations of the important mite predator Amblyseius fallacis (Garman) 
(Acari: Phytoseiidae) in the laboratory and in an apple [Malus x domestica Borkhauser 
(Rosaceae)] orchard (Lester et al. 1999). In addition, we have shown that a micro- 
encapsulated formulation of cypermethrin had less effect than an emulsifiable- 
concentrate formulation on populations of A. fallacis on peach [Prunus persica (L.) 
Batsch (Rosaceae)] in the field (Lester et al. 1998). No differences in toxicities to vari- 
ous phytoseiid predators were shown between microencapsulated and wettable-powder 
formulations of chlorpyrifos. Damage to peaches by Oriental fruit moth, Grapholita 
molesta (Busck) (Lepidoptera: Tortricidae), larvae was higher in plots treated with 
microencapsulated cypermethrin or chlorpyrifos than in those treated with emulsifiable 
concentrate cypermethrin or wettable powder chlorpyrifos formulations, but damage in 
all cases was low and not different from controls. 
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We report here further assessments of the toxicity of microencapsulated formulations 
of cypermethrin and chlorpyrifos to G. molesta in the laboratory and field. In addition, we 
report the toxicity of these formulations to populations of Typhlodromus pyri Scheuten 
(Acari: Phytoseiidae), another important predator of phytophagous mites (Marshall et 
al. 2001). We have expanded the study to include a third insecticide, another pyrethroid, 
lambda-cyhalothrin, microencapsulated by a different process (Scher et al. 1998) and 
from a separate source. 

Materials and methods 

Insecticides 

The study examined sprayed suspensions of 'emulsifiable-concentrate cypermethrin 
(CYMBUSH~~ 250EC, Zeneca Agro, Stoney Creek, Ontario) and a microencapsulated 
formulation of 250 g a.i. (active ingredient)/L cypermethrin (3M Canada Ltd, London, 
Ontario); wettable-powder chlorpyrifos (LORSBAN~~ 50WP, Dow-Agro Sciences, 
Newmarket, Ontario) and a microencapsulated formulation of chlorpyrifos ( D U R S B ~ ~  
200EC, 3M Canada Ltd, London, Ontario); emulsifiable-concentrate lambda-cyhalothrin 
  MATADOR^^ 120EC, Zeneca Agro, Stoney Creek, Ontario) and a microencapsulated 
formulation of lambda-cyhalothrin (LAMBDA CS 120EC, Zeneca Agro, Stoney Creek, 
Ontario). 

Laboratory assessment 

Grapholita molesta larvae 

Neonate G. molesta larvae were obtained from an organophosphate-susceptible 
colony reared on green culled apples (Pree 1985). Bioassays, conducted as described by 
Pree (1979), involved 10 neonate larvae placed on a filter paper in a glass Petri dish and 
held on ice until the time of insecticide application. All test substances were diluted in 
water and compared with a water-only control. Ten plates of 10 larvae were sprayed 
with 5 mL of test suspension in a Potter tower at each concentration of every test prod- 
uct. After treatment, larvae were transferred to plastic Petri dishes with tight-fitting lids 
(Falcon 1006) and stored for 2 h in an incubator at 22"C, 60% RH. 

After the 2-h holding, larval mortality was assessed using a binocular microscope; 
larvae exhibiting coordinated movement when prodded were recorded as alive. Data 
were analysed using POLO-PC (LeOra Software, Berkeley, California). Toxicity differ- 
ences between formulations of each test chemical were not considered significant if the 
95% confidence level of the resistance ratio at the LC,, bracketed 1.0 (Robertson and 
Priesler 1992). 

Predatory mites 

The toxicity of microencapsulated and emulsifiable-concentrate formulations to 
two strains of 7: pyri was examined using the slide-dip assay described by Thistlewood 
et al. (1992). Two populations of 7: pyri were tested; one had originated in New 
Zealand and was characterised in Nova Scotia (NS/NZ) (Hardman et al. 1997); the 
other (Niagara 1) originated from grape at Niagara on the Lake, Ontario (43"15'N, 
79'04'W). Although both strains were resistant to many organophosphate insecticides, 
only the NSNZ strain was resistant to pyrethroids (DB Marshall, unpublished data). 
Typhlodromus pyri were reared using methods similar to those used for A. fallacis by 
Lester et al. (1999). Tests were conducted over an 8-month period between May and 
December 1999. For each replicate, five mites were attached ventral side up to double- 
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sided tape on a glass microscope slide. Slides were dipped into one of several concen- 
trations of the pesticide suspensions or the water-only control for approximately 5 s. 
After removal, glass slides were placed on absorptive paper towels, allowed to dry at 
room temperature, and held in an environmental chamber for 24 h at 24°C 70% RH, 
and a photoperiod of 16L:8D. Approximately 50 mites were treated at each of five con- 
centrations. Concentration-mortality regression lines were calculated as described for 
G. rnolesta larvae. 

Field assessment 

The study was conducted from May to July 2000 in a 4-year-old peach 'Loring' 
orchard at the Agriculture and Agri-Food Canada experimental farm at Jordan Station, 
Ontario (43"10'N, 79O22'W); trees (approximately 3 m tall) were spaced 4.6 by 5.5 m. 
Treatments were applied to two-tree plots separated by a buffer tree, arranged according 
to a randomised complete block design with four replicates. Insecticide treatments were 
compared with an unsprayed control. 

Insecticides were diluted to a rate comparable to 3000 L/ha and sprayed to runoff 
with a Rittenhouse (Rittenhouse Sprayers Ltd, St. Catharines, Ontario) truck-mounted 
sprayer equipped with a Spraying Systems (Spraying Systems Co, Wheaton, Illinois) 
handgun fitted with a D-6 orifice plate. Approximately 10-1 1 L of spray mix were used 
per plot; pressure was set at 2000 kPa. 

Treatments were applied at estimated first-egg hatch of the first and second gener- 
ations, as outlined by Pree et al. (1983). Application timings were determined from 
pheromone-trap catches of male G. rnolesta in 10 Pherocon-I1 sticky traps baited with 
TrCcC Oriental fruit moth lures placed in nearby plantings. The Rice et al. (1982) 
degree-day model was used to confirm spray timing indicated by pheromone-trap 
catches; day zero was at first male moth catch (1 May), and degree-days were accumu- 
lated daily using a base of 7.2"C and an upper threshold of 32.2"C. 

Treatments were applied for control of the first generation on 15 May 
(145.g0d7.,), 10 d after the first upswing in male moth catch; the degree-day model pre- 
dicted first-egg hatch at 106.2"d7., (9 May). Treatments were applied for the second 
generation on 7 July, 6 d after an upswing in male moth catch, corresponding to 
660°d7,, after first male moth catch (1 May). 

Damage caused by G. rnolesta was assessed 17 d post treatment for the first gen- 
eration on 1 June, and 13 days post treatment for the second generation on 20 July. At 
each assessment, all infested terminals were removed. To verify that damage was 
caused by G. rnolesta, a representative sample (10-20 terminals) from each plot was ex- 
amined for the presence of G. rnolesta larvae. Data, expressed as mean infested termi- 
nals per plot, were analysed using randomised-block analysis of variance (ANOVA), 
with treatment as the independent factor and infested terminals per plot as the de- 
pendent variable. Differences between treatment means were separated with Tukey's 
test (a = 0.05). All data were analysed for normality using Sigmastat 2.0 (Jandel Scien- 
tific, San Rafael, California). 

Results 

Laboratory assessments 

The microencapsulated formulations of chlorpyrifos and cypermethrin were less 
toxic to G. rnolesta larvae than the wettable-powder or emulsifiable-concentrate 
formulations (Table 1); there was no difference in toxicity between the emulsifiable- 
concentrate and microencapsulated formulations of lambda-cyhalothrin. Both formulations 
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TABLE 1. Toxicity of insecticide formulations to first instar larvae of Grapholita rnolesta. 

Toxicity ratio 
LCs0 (95% (95% confidence 

Insecticide* C or mu la ti on^ confidence limit)* Slope + SE X' limit) 

Lambda-cyhalothnn EC 0.64 (0.49-0.84) 1.98?0.13 11.25 - 
MEC 0.56 (0.41-0.75) 1.75+0.13 11.75 0.87 (0.7-1.1) 

Chlorpyrifos WP 61.66 (55.90-68.95) 2.3320.21 0.78 - 
MEC 650.74 (519.07-842.59) 0.95k0.96 2.62 10.6 (7.7-14.5) 

Cypermethrin EC 1.56 (1.25-1.89) 2.00?0.16 7.19 - 

MEC 83.44 (67.75-102.05) 1.18+0.79 3.93 53.5 (40.3-71.1) 

* n = 600 larvae. 

EC, emulsifiable concentrate; MEC, microencapsulated; WP, wettable powder. 

* LC,, was measured in milligrams active ingredient per litre. 

of lambda-cyhalothrin were about 2.5 times more toxic to G. rnolesta than cypermethrin 
emulsifiable concentrate. 

The two strains of 7: pyri exhibited different responses to lambda-cyhalothrin for- 
mulations (Table 2). Microencapsulated lambda-cyhalothrin was more toxic (4.6-fold) 
to the Niagara 1 strain (pyrethroid susceptible) than the emulsifiable-concentrate formu- 
lation. For the NS/NZ strain (pyrethroid resistant), the emulsifiable-concentrate formu- 
lation of lambda-cyhalothrin was 6.1 times more toxic than microencapsulated lambda- 
cyhalothrin. Microencapsulation reduced the toxicity of cypermethrin to both strains of 
i? pyri; the reduction was greater with the pyrethroid-susceptible Niagara 1 strain. 

Both i? pyri strains were resistant to organophosphorous insecticides; no re- 
sponses were observed for either chlorpyrifos formulation at 5000 mgL. 

Field assessment 

For both generations, all larvae found in damaged terminals were identified as 
G. molesta. For generation 1 ,  all insecticide-treated plots had less damage to terminal 
twigs than the control, but damage in all insecticide treatments was not significantly dif- 
ferent (Table 3), owing to variation between replicates. Damage by G. molesta in the 
control plots was high; approximately 70% of all twigs were damaged in control plots. 

Grapholita rnolesta damage was lower for the second generation, and all treat- 
ments except microencapsulated cypermethrin had reduced damage compared with the 
control (Table 3). Damage in microencapsulated chlorpyrifos plots was not different 
from that in the microencapsulated cypermethrin plots. Numbers of damaged twigs 
per plot were similar in plots treated with cypermethrin emulsifiable concentrate, 
chlorpyrifos wettable powder, and both formulations of lambda-cyhalothrin. 

Discussion 

In the laboratory and in the field, the toxicity to G. molesta larvae of 
microencapsulated lambda-cyhalothrin was equal to that of the emulsifiable-concentrate 
formulation. The microencapsulated formulation was more toxic than the emulsifiable- 
concentrate formulation to the pyrethroid-susceptible Niagara 1 strain of i? pyri, but 
microencapsulation reduced the toxicity of lambda-cyhalothrin to the pyrethroid- 
resistant NS/NZ strain. This microencapsulated preparation could improve the selectiv- 
ity of lambda-cyhalothrin on peach for the control of G. rnolesta if populations of 
pyrethroid-resistant 7: pyri were present. Conversely, populations of i? pyri that are 
susceptible to pyrethroids could be more affected by the use of microencapsulated 
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TABLE 2. Toxicity of insecticide formulations to Typhlodromus pyri populations, determined using a slide- 
dip bioassay. 

Strain of 
Formulation* T pyrit 

LC, (95% 
confidence limit)$ Slope * SE X' 

Toxicity ratio (95% 
confidence limit) 

EC 
MEC 
EC 
MEC 

WP 

MEC 
WP 

MEC 

EC 
MEC 
EC 
MEC 

Niagara 1 
Niagara 1 

NSINZ 
NSINZ 

Niagara 1 
Niagara 1 
NS/NZ 
NS/NZ 

Niagara 1 
Niagara 1 

NSINZ 
NS/NZ 

Lambda-cyhalothrin 
3.6 (2.1-5.6) 
0.79 (0.5 1-2.5) 

15.0 (10.4-21.5) 
91.5 (32.8-179.60) 

Chlorpyrifos 
>50008 

>200005 
>50008 
>500oS 

Cypermethrin 
4.3 (2.8-5.8) 

509.8 (386.5-614.8) 
444.1 (141.8-770.2) 

10869.0 (6695.5-24815.5) 

N/A 
NIA 
NIA 
N/A 

NOTE: n is the number of mites tested. 

* EC, emulsifiable concentrate; MEC, microencapsulated; WP, wettable powder. 

NSNZ, pyrethroid-resistant strain; Niagara 1, pyrethroid-susceptible strain. 
* LCSo was measured in milligrams active ingredient per litre and assessed after a 24-h exposure. 

"0 response at this rate. 

lambda-cyhalothrin. This may be the case in Ontario, at least on apple, where pyrethroid 
insecticides are considered highly toxic to T. pyri (Solymar 1999). These results also sug- 
gest a relationship between formulation and resistance to pyrethroids in T. pyri. It ap- 
pears that changes in penetration or delivery of insecticide into these mites, which are 
modified by formulation changes, affect the expression of the resistance. 
Microencapsulation may have slowed the penetration of insecticide into these mites or 
reduced the exposure of these mites to surface residues of insecticide. Interactions be- 
tween penetration changes and detoxification processes can result in higher levels of re- 
sistance expression. Raymond et al. (1989) showed that resistance associated with 
reduced penetration of insecticide combined with resistance due to detoxification pro- 
cesses resulted in multiplication of the overall level of resistance. This may account for 
the reduced toxicity of the microencapsulated insecticide to resistant mites but does not 
explain the increased toxicity of this formulation to the susceptible population. Further 
studies of the insecticide pharmacokinetics in these mite populations are necessary to 
explain these changes. 

The microencapsulated formulation of chlorpyrifos was less toxic than the 
wettable-powder formulation to G. rnolesta larvae in the laboratory, but the wettable- 
powder formulation of chlorpyrifos was not more effective than the microencapsulated 
formulation for control of G. molesta in the field. Both populations of 7: pyri were re- 
sistant to chlorpyrifos; changes in formulation had no effect. Chlorpyrifos has not been 
as effective as pyrethroids for control of G. molesta when population levels are high 
(Pree et al. 1998). The microencapsulated formulation of chlorpyrifos offered no advan- 
tage over the traditional wettable-powder formulation; it was not toxic to 7: pyri and 
was less toxic to G. rnolesta. 
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TABLE 3. Control of Grapholita molesta on peach at Jordan Station, Ontario, 2000. 

Insecticide Formulation* Rate (a.i./ha) Damaged terminalslplott 

Generation lt 
Cypermethrin EC 70 g 4.006 
Lambda-cyhalothrin MEC 12.5 g 6.252, 

EC 12.5 g 9.00b 
Chlorpyrifos WP 1.7 kg 9.50b 

MEC 1.7 kg 17.75b 
Cypermethrin MEC 70 g 32.506 
Unsprayed check - - 125.75a 

Generation 2$ 
Cypermethrin EC 70 g 12.75~ 
Lambda-cyhalothrin MEC 12.5 g 14.00~ 

EC 12.5 g 10 .75~  
Chlorpyrifos WP 1.7 kg 17.25 

MEC 1.7 kg 25.75bc 
Cypermethrin EC 70 g 37.50ab 
Unsprayed check - - 46 .00~  

* MEC, microencapsulated; EC, emulsifiable concentrate; WP, wettable powder. 
For each generation, means followed by the same letter are not significantly different (Tukey's test, P > 0.05). 
Applied 15 May; sampled 1 June. 
' Applied 7 July; sampled 20 July. 

Microencapsulation reduced the toxicity of cypermethrin to both predator mite 
strains; however, the microencapsulated cypermethrin was less toxic to G. molesta in 
the laboratory and failed to provide adequate control of G. molesta in the field. 

Our results are consistent with those of Lester et al. (1998, 1999), who found 
greater survival of populations of predatory mites in plots sprayed with micro- 
encapsulated formulations of chlorpyrifos or cypermethrin. Our results indicate that the 
increased survival of beneficial mites reported in previous field studies of microencap- 
sulated formulations was likely associated with overall reduced toxicity of rnicro- 
encapsulated formulations of these compounds, rather than with any increase in selectivity. 

In addition to reducing the impact of pesticides on beneficial insects and mites, 
encapsulation has been used to reduce toxicity to handlers, to reduce phytotoxicity, and 
to extend the activity of residues (Scher et al. 1998). Results of several tests, primarily 
with parathion (summarised in Croft 1990), show highly variable results with a range of 
beneficial insects and mites. On tree fruits, Asquith et al. (1976) and Hull (1979) 
showed reduced toxicity with encapsulated parathion to A. fallacis and Stethorus 
spp. This increased selectivity, at times, was associated with reduced toxicity to target 
pests (Carlson 1975), similar to our observations with microencapsulated chlorpyrifos 
and cypermethrin; however, the microencapsulated formulation of lambda-cyhalothrin 
was from a different source and process, and modified the toxicity of lambda-cyhalothrin 
to the beneficial mite 7: pyri without reducing the toxicity (and field efficacy) to the target 
G. molesta. The improved selectivity of the microencapsulated lambda-cyhalothrin was 
limited to populations of T pyri that were pyrethroid resistant. This microencapsulated 
formulation was more toxic than the emulsifiable concentrate to a pyrethroid- 
susceptible population. Tests with predacious mites reported here were only in the labo- 
ratory; longer-term effects or delayed toxicity, as might occur in the field, were not as- 
sessed. 



THE CANADIAF*'ENTOMOLOGIS? 

Acknowledgements 

We thank Philip Lester for advice and encouragement; Hitesh Jain, Anthony 
Dixon, and Dan Gray for technical assistance; and 3M Canada Ltd and Syngenta Crop 
Protection Canada, Inc (formerly Zeneca Agro) for supplying test materials. 

References 

Asquith D, Hull LA, Travis JW, Mowry PD. 1976. Apple, tests of insecticides 1975. Insecticide and 
Acaricide Tests, Miscellaneous Publications of the Entomological Society of America 1: 17-9 

Carlson EC. 1975. Pesticides for controlling sunflower moth larvae. California Agriculture 29: 12-3 
Croft BA (Editor). 1990. Arthropod biological control agents and pesticides. Toronto: John Wiley & Sons 
Hardman JM, Rogers ML, Gaul SO, Bent ED. 1997. Insectary rearing and initial testing in Canada of an 

organophosphate/pyrethroid-resistant strain of the predator mite Typhlodrornus pyri (Acari: Phyto- 
seiidae) from New Zealand. Environmental Entomology 26: 1424-36 

Hodgson E, Kuhr RJ (Editors). 1990. Safer insecticides: development and use. New York: Marcel Dekker, Inc 
Hull LA. 1979. Apple, tests of insecticides 1978. Insecticide and Acaricide Tests, Miscellaneous Publica- 

tions of the Entomological Society of America 4: 20-2 
Hull LA, Beers EH. 1985. Ecological selectivity: modifying chemical control practices to preserve natural 

enemies. pp 103-22 in MA Hoy and DC Herzog (Eds), Biological control in agricultural IPM systems. 
Toronto: Academic Press, Inc 

Lester PJ, Pogoda MK, Pree DJ. 1998. Insecticide encapsulation to maintain predatory mite populations, re- 
duce European red mite outbreaks, and control of the Oriental fruit moth Grapholitha molesta (Busck). 
Proceedings of the Entomological Society of Ontario 129: 137-48 

Lester PJ, Pree DJ, Thistlewood HMA, Trevisan LM, Harmsen R. 1999. Pyrethroid encapsulation for conser- 
vation of acarine predators and reduced spider mite (Acari: Tetranychidae) outbreaks in apple orchards. 
Environmental Entomology 28: 72-80 

Marshall DB, Thistlewood HMA, Lester PJ. 2001. Release, establishment, and movement of the predator 
Typhlodromus pyri (Acari: Phytoseiidae) on apple. The Canadian Entomologist 133: 279-92 

Pree DJ. 1979. Toxicity of phosmet, azinphosmethyl, and permethrin to the Oriental fruit moth and its para- 
site, Macrocentrus ancylivorus. Environmental Entomology 8: 969-72 

Pree DJ. 1985. Grapholita molesta. pp 307-1 1 in P Singh and RF Moore (Eds), Handbook of insect rearing. 
Volume 2. Amsterdam: Elsevier Science Publishers BV 

Pree DJ, Heme DCH, Phillips JHH, Roberts WP. 1983. Pest management program for peach series: Oriental 
fruit moth. Ontario Ministry of Agriculture and Food Agdex 2121624 83-027 

Pree DJ, Whitty KJ, Van Driel L, Walker GM. 1998. Resistance to insecticides in Oriental fruit moth popula- 
tions (Grapholita molesta) from the Niagara Peninsula of Ontario. The Canadian Entomologist 130: 
245-56 

Raymond M, Heckel DG, Scott JG. 1989. Interactions between pesticide genes: model and experiment. 
Genetics 123: 543-51 

Rice RE, Barnett WW, Flaherty DL, Bentley WJ, Jones RA. 1982. Monitoring and modeling Oriental fruit 
moth in California. California Agriculture 36: 11-2 

Robertson JL, Priesler HK. 1992. Pesticide bioassays with arthropods. Boca Raton, Florida: CRC Press 
Scher HB, Rodson M, Lee K-S. 1998. Microencapsulation of pesticides by interfacial polymerization utiliz- 

ing isocyanate or aminoplast chemistry. Pesticide Science 54: 394400 
Solymar B. 1999. Integrated pest management for Ontario apple orchards. Ontario Ministry of Agriculture, 

Food and Rural Affairs Publication 310 
Thistlewood HMA, Pree DJ, Crawford LA. 1992. Comparison of slide dip and petri dish assays for measnr- 

ing resistance to permethrin in Amblyseius fallacis (Acari: Phytoseiidae). Journal of Economic Ento- 
mology 85: 2051-7 

(Received: 29 May 2001; accepted: 27 September 2001) 




